We reviewed 6 patients with atlanto-axial (C1-2) deformities secondary to neglected odontoid fractures. All patients (except one with recent injury) were asymptomatic for a long period before development of neck pain or myelopathy, despite obvious subluxation and kyphotic deformities at the C1-2 joint complex. Patients were treated conservatively, except for one who underwent posterior spinal fusion and occiput-to-C2 decompression for progressive myelopathy. The reactive new bone formation around the odontoid fracture may play a role in preventing further movement and development of myelopathy. Conservative treatment should be considered for neglected odontoid fractures in elderly patients with stable non-progressive C1-2 deformity.
INTRODUCTION
Odontoid fractures account for 7 to 13% of all cervical spine fractures. [1] [2] [3] Non-union rates of type-II and type-III odontoid fractures are 4 and 36%, respectively. 1, 4, 5 The high non-union rate for type-III odontoid fractures are related to the blood supply and soft-tissue interposition, 6, 7 as well as the degree of fracture displacement, patient age, and treatment method. 8, 9 The incidence and outcome of undiagnosed type-II odontoid factures is not well known. Only a few patients presenting with neck pain and myelopathy secondary to chronic atlanto-axial (C1-2) instability have been reported. 1, 10, 11 Operative treatment for such patients is technically demanding.
CASE SERIES
Between 1997 and 2007, 2 men and 4 women, aged 45 to 87 (mean, 70) years, presented with C1-2 deformities secondary to neglected odontoid fractures, some with bone bridge formation (patients 1 to 4) and some without (patients 5 and 6). Five had a history of neck injury. All patients (apart from one with a recent injury) were asymptomatic for a long period before development of neck pain or myelopathy. All patients were treated conservatively, with the exception of one patient who underwent posterior spinal fusion and occiput-to-C2 decompression for progressive myelopathy. Patients were followed up for a mean of 4 years. One patient died from an unrelated condition after 5 years of follow-up. Details of individual patient features, imaging findings and outcome are summarised in the Table. Patient 1, aged 87 years, presented with a oneyear history of upper neck pain, with no history of neck injury. She complained of numbness of the hand but no myelopathic signs were detected. Cervical spine radiographs showed non-union of an odontoid fracture with C1-2 subluxation (Fig. 1a) . The atlanto-axial interval (AAI) was 10 mm and the space available for the cord (SAC) was 10 mm. The odontoid was rounded off at the pseudoarthrosis site. Computed tomography (CT) showed new bone formation bridging the odontoid and the anterior (Fig. 1b) . Dynamic radiographs showed no further displacement, suggesting a stable C1-2 slip. Magnetic resonance imaging (MRI) showed myelomalacia of the spinal cord on T2 phase imaging at C1 level (Fig. 1c) . The patient refused surgery; there were no changes in radiological findings or neurological status after 6 years of follow-up. Patient 2, aged 79 years, presented with a 6-month history of neck pain and a neglected neck injury. His cervical spine radiographs showed a malunited odontoid fracture, with C1-2 subluxation. The AAI was 10 mm and SAC was 10 mm. The C1 arch had moved forward, with an angular flexion deformity of 30º. The entire cervical spine showed osteoarthritic changes, with marked compensatory lordosis. Bone formation bridging the anterior arch of C1 was noted (Fig. 2) . Dynamic radiographs showed no further movement between C1-2, indicating a stable deformity. The patient preferred conservative treatment; there were no changes in radiological findings or neurological status after 3 years of followup.
Patient 3, aged 60 years, presented with a recent neck injury. She also had a neck injury at 15 years of age, which was treated with posterior fusion of C2-3. She had myelopathic signs, brisk lower-limb reflexes, and sustained ankle clonus. Her cervical spine radiographs and CT scans showed partial union of the odontoid fracture, with C1-2 subluxation and bone formation bridging the anterior C1 arch with the odontoid (Fig. 3) . Dynamic radiographs showed no evidence of C1-2 instability. MRI showed marked no deterioration in neurological status after 4 years of follow-up. She continued to work. Patient 4, aged 87 years, presented with progressive lower limb weakness and a 2-year history of head injury. The motor power of all 4 limbs was grade 3, with myelopathic signs, brisk lower-limb reflexes, and sustained ankle clonus. His cervical spine radiographs showed a neglected odontoid fracture, with gross C1-2 deformity. Marked new bone formation was noted at the fracture site, suggestive of hypertrophic non-union. The C1-2 articulation was shown to be stable on dynamic radiographs. CT showed the formation of a large bone mass at the fracture site, causing marked stenosis of the spinal canal and bone fusion of the odontoid with the C1 anterior arch (Fig. 4) . Due to his age and poor medical condition, he was treated conservatively. He died from other disease after 5 years of follow-up.
Patient 5, aged 63 years, presented with a oneyear history of numbness and clumsiness of her hands and a 10-year history of minor neck injury. She had myelopathic signs, with brisk lower-limb reflexes, sustained ankle clonus, and positive Babinski sign. Her gait was normal. Cervical spine radiographs showed avascular necrosis of the odontoid with atrophic non-union of the odontoid fracture (Fig. 5a) . The AAI was 2 mm and SAC was 20 mm. Dynamic radiographs showed an increase of AAI to 10 mm on flexion, indicating C1-2 instability (Fig. 5b) . MRI showed spinal cord compression with myelomalacia at C1 level (Fig. 5c) . Fusion of the C1-2 was suggested but the patient declined. She was able to continue to manage her household work after 3 years of followup.
Patient 6, aged 45 years, presented with a 3-year history of increasing neck pain and weakness of all 4 limbs after a fall. She had florid myelopathic signs, with a positive scapulohumeral reflex. The limb reflexes were all brisk, with sustained ankle clonus. She walked with an unsteady, spastic gait. Her cervical spine radiographs showed a non-united neglected odontoid fracture, with kyphotic deformity at the C1-2 joint complex (Fig. 6a) . The AAI was 10 mm and SAC was 5 mm. No further displacement of the C1-2 was noted on dynamic radiographs. MRI showed marked compression of the spinal cord with myelomalacia at C1 level (Fig. 6b) . She underwent posterior C1 decompression, occipital-to-C2 fusion, and spinal instrumentation with 2 lateral mass screws (Fig.  6c) . At 4-year follow up, there had been progressive improvement of her neurological symptoms and she 
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could walk without aids and manage her household work. Her neck pain had improved, with no further C1-2 displacement. However, range of movement of the neck was markedly reduced.
DISCUSSION
Isolated type-II fractures of the odontoid are inherently unstable and prone to develop complications, such as avascular necrosis, non-union and malunion. 1, 4, 5 Undiagnosed odontoid fractures may lead to chronic C1-2 instability and progressive myelopathy. 6, 10, 12 In our series, only one patient developed progressive myelopathy and underwent surgical intervention. The other 5 patients could manage their daily activities and had a normal gait, despite having kyphotic deformity at C1-2 level. Their neurological symptoms remained unchanged, as the reactive bone formation at or around the fracture site provided stability and prevented further movement and development of myelopathy.
Treatment of neglected odontoid fractures should be individualised, depending on patient age, medical condition, severity of myelopathy, and stability of the C1-2 articulation. The status of the C1-2 joint complex and condition of the spinal cord should be routinely assessed. A more conservative approach should be considered for elderly patients with stable, nonprogressive C1-2 deformity. 6, 8, [13] [14] [15] More aggressive surgical treatment should be reserved for younger patients, with progressive myelopathy secondary to dynamic instability, especially the atrophic nonunion type. There is no standardised method of treatment. Preoperative traction is a reasonable option to attempt to correct the spinal deformity before placement of internal fixation devices. With advances in spinal instrumentation, more reliable occipital-to-C2 or C1-2 fixation methods are available. A posterior or trans-oral anterior approach can be used for spinal cord decompression, depending on surgeon preference. 16, 17 
